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1.  Introduction. 


This  annual  report  describes  our  progress  in  synthesizing  potential  anti- 
malariais  of  a novel  type,  which  are  designed  to  interfere  with  Plasmodia) 
phospholipid  metabolism.  Very  few  prior  attempts  to  produce  antlmalarial 
substances  with  this  mode  of  action  have  been  recorded,  although  a few 
previously  known  inhibitors  of  certain  aspects  of  lipid  metabolism  (e.g., 
ciofibrate)  have  been  tested  for  antimalarial  activity. 

In  part  this  almost  complete  neglect  of  Plasmodial  phospholipid  metabolism 
as  a point  on  which  to  focus  the  design  of  new  drugs  is  the  result  of  paucity 
of  substances  which  are  known  to  interfere  in  any  way,  or  with  any  specificity, 
with  phospholipid  metabolism  in  general.  In  addition,  the  crucial  importance 
of  phospholipid  formation  to  the  growth  and  reproduction  of  Plasmodia  within 
its  host  has  only  begun  to  be  appreciated  very  recently. 

A much  more  detailed  discussion  of  the  biochemical  rationale  for  this 
approach  to  the  synthesis  of  new  antimalarial  drugs  may  be  found  in  the 
original  contract  application.  In  the  present  report,  the  relevant 
metabolic  steps  will  be  mentioned  only  in  passing.  Furthermore,  only  those 
portions  of  the  overall  synthetic  program  which  relate  to  progress  during 
the  first  contract  year  will  be  discussed. 


2 . Synthetic  Targets. 

Each  of  the  target  compounds  is  an  analog  of  a biosynthetic  intermediate 
in  phospholipid  metabolism,  either  on  the  biosynthetic  or  catabolic  side. 

Like  their  natural  counterparts,  these  analogs  can  be  produced  with  any  of 
a variety  of  long-chain  (R)  groups,  resulting  in  substances  which  may  possess 
rather  widely  divergent  physicochemical  properties.  This  is  particularly  true 
in  the  case  where  two  homologs  differ  in  degree  of  unsaturation;  this  structural 


2 


feature  is  likely  to  result  in  more  pronounced  differences  than  are  found 
in  simple  chain  length  homologs.  The  choice  of  R groups  in  the  absence 
of  medicinal  activity  data  a priori  must  be  arbitrary,  and  therefore  other 
considerations  have  usually  been  predominant.  Particularly,  the  question  of 
probable  technical  simplicity  in  each  synthetic  step  has  generally  dictated 
that  in  the  lipid-containing  analogs  C]g  and/or  Cjg  saturated  alkyl  groups 
have  been  used.  The  generally  ready  crystal  1 izabi 1 i ty  of  such  compounds 
makes  the  work-up  following  a synthetic  step  likely  to  be  much  simpler  than 
would  be  the  case  with,  e.g.,  polyunsaturated  analogs.  Should  lead  data 
suggest  interesting  medicinal  activity  of  any  of  these  substances,  of  course, 
new  syntheses  substituting  various  other  R groups  can  be  undertaken. 


been  worked  out  sometime  previously  (3).  but  for  purposes  of  antlmalarial 
testing,  a new  homolog,  the  di-Cjg,  was  prepared.  The  synthetic  steps  (which 
were  actually  completed  before  the  inception  of  the  current  contract)  are  shown 
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in  Figure  i and  are  discussed  in  considerable  detail  in  the  first  quarterly 
contract  report.  Although  the  phosphonic  acid  proved  to  be  without  appreciable 
ant|.malarial  activity,  it  is  possible  that  it  may  be  worthwhile  to  prepare 
a homolog  with  very  different  physicochemical  properties  (e.g.,  the  dlolcyl), 
since  the  activity  of  both  these  analogs  and  the  natural  substrates  of 
phosphatldic  acid  phosphatase  are  highly  dependent  on  physicochemical  factors 
0,2). 

2.2.  Lecithin  Analogs. 

Insofar  as  phospholipases  can  be  Inferred  to  be  necessary  for  the 
phospholipid  turnover  of  Plasmodial  membranes,  it  seems  reasonable  to  prepare 
a lecithin  analog  which  has  previously  been  shown  to  exert  appreciable  anti- 
phospholipase A (venom  enzyme)  and  also  ant  i -phosphol ipase  C (clostridial  enzyme) 
activity.  This  substance  is  a completely  non-hydrolyzable  analog  of  lecithin 
containing  ether  and  phosphonate  moieties  instead  of  the  normally  labile 
carboxylic  and  phosphoric  acid  groups. 
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The  synthesis  of  this  compound  has  already  been  reported  (k) , so  that  it 
was  necessary  only  to  prepare  the  substance  again  on  a scale  large  enough 
for  extensive  testing.  In  addition,  its  immediate  synthetic  precursor,  the 
isopropyl  ester  chloride  salt 
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was  taken  as  a secondary  target  compound.  Its  lesser  ionic  charge  was  believed 
to  offer  some  additional  hope  of  increased  intracellular  penetrability. 

The  synthetic  routes  to  these  compounds  is  found  in  Figure  2.  The 
major  point  of  difficulty  in  the  entire  synthesis  is  at  the  beginning, 

In  the  preparation  of  di isopropyl  al lylphosphoni te.  This  react! ve,ai r- 
sensitive  intermediate  is  prepared  through  a succession  of  other  labile 
intermediates  and  must  be  used  in  the  Arbuzov  reaction  at  once,  since  it  is 
not  capable  of  storage  for  any  length  of  time.  Reaction  with  2-hexadecoxy- 
3-octadecoxy iodopropane  gave  the  two  diastereomeric  forms  of  isopropyl 
2-hexadecoxy-3~octadecoxypropyl (al lyDphosphinate,  which  were  separated  from 
impurities  by  dry  column  chromatography  on  silica  gel. 

Osmate-periodate  oxidation  followed  by  borohydride  reduction  gave 
2-hydroxyethy 1 phophinate;  mesylation  yielded  the  mesylate  ester  satisfactori ly. 
Reaction  with  dimethylamine  produced  the  2-dlmethylaminoethyl  phosphinate.  Quater- 
nization  with  methyl  iodide  gave  the  isopropyl  ester  of  the  quaternary  ammonium 
phosphinate  as  the  iodide  salt.  The  insolubility  of  this  substance  in  cold  ether 
provides  a very  convenient  means  of  purifying  it  from  ether-soluble  contaminants. 

If  direct  quaternization  of  the  mesylate  by  trimethylamine  is  attempted, 
only  dehydromesy lat ion  results. 
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From  the  iodide  salt  the  secondary  target  chloride  |||  was  readily 
prepared  by  Ion  exchange,  using  Amberlite  IR-^00  chloride  in  2:1  methanol-chloro- 
form. This  salt  had  not  previously  been  characterized  and  was  purified  by 
recrystallization  for  analysis. 

Hydrolysis  of  the  isopropyl  ester  chloride  salt  by  hydrochloric  acid  in  acetic 
acid  gave  the  main  target  lecithin  analog  11,  which  of  course  had  previously 
been  characterized. 

Full  details  of  each  step  of  this  synthetic  sequence  are  given  in 
the  first  and  second  quarterly  progress  reports , and  in  reference  (z+) . 

Approximately  3.0  g of  target  compound  2 was  submitted  to  WRAIR  for 
testing.  It  was  found  to  be  inactive  as  an  antimalarial  agent.  Enough 
of  the  compound  was  available  for  anti-Leishmanniasis  testing 
A certain  amount  of  suppression  noted,  but  not  of  sufficient  degree  to 
be  considered  an  active  agent.  It  is  possible  that  other  homologs  might 
later  be  prepared  which  would  show  enhanced  activity  in  this  respect. 


During  the  fourth  quarter,  a lecithin  analog  of  rather  different  type 
was  prepared  and  sent  for  antimalarial  testing.  Although  no  biochemical 
information  was  available  on  this  compound,  it  is  somewhat  more  similar  to 
a natural  lecithin  than  the  phosphlnate  analog  described  above.  It  differs 
primarily  in  having  an  unusual,  branched-cha in  base  in  place  of  choline. 
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This  synthesis  was  performed  in  a standard  fashion.  1 ,2-dihexadecyl -sn- 
glycerol  was  prepared  via  D-mannitol,  and  phosphorylated  with  diphenyl phos- 
phoryl  chloride.  The  protective  phenyl  ester  moieties  were  removed  by 
hydrogenation  at  room  temperature  and  atmospheric  pressure  using  a platinum 
catalyst.  After  isolation  of  the  phosphatidic  acid  it  was  monoesteri f ied 
by  the  tosylate  salt  of  2-hydroxy-l-(trimethylamino)propane,  using  trichloro- 
acetonitrile  in  pyridine  as  the  condensing  agent.  Precipitation  by  excess 
acetonitrile  of  the  residue  remaining  after  removal  of  volatile  material 
gave  a dark  product.  Passage  through  Amberlite  MB-3  in  tet rahydrofuran- 
water  decolorized  the  product,  which  was  finally  purified  by  elution  from 
a silica  column.  Final  removal  of  silicic  acid  fines  was  accomplished  by 
passage  through  a cellulose  membrane  filter.  The  material  analyzed  satis- 
factorily for  a monohydrate  form.  More  than  500  mg  was  submitted  to  WRAIR 
for  antimalarial  testing.  This  was  too  recent  for  us  to  have  received  a 
report  as  yet. 


2.3.  Analogs  of  Cytidine  Diphosphate  Piglyceride 

Cytidine  diphosphate  diglycerides  are  a family  of  un 
which  are  obligatory  intermediates  in  the  biosynthesis  of 


que  1 iponucleotides 
phosphatidyl  serine , 


with  possible  decarboxylation  to  phosphatidyiethanolamine,  of  phosphatidyl- 


i nos i tol , 


phosphatidylglycerol , di phosphat i dyl glycerol  and  several 


other  less  common  phospholipids.  (The  only  exception  to  the  previous 
statement  is  the  fact  that  in  6ome  organisms  deoxycytidine  diphosphate 
diglyceride  can  substitute  for  the  corresponding  ribose  1 i ponucleot i des  ; 
The  requirement  for  cytidine  moiety  is  essentially  absolute,  however.) 

The  1 iponucl eot i de  analogs  which  are  the  ultimate  targets  of  these 
synthetic  efforts  are  the  following: 
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The  much  greater  complexity  of  these  substances  requires  that 
by  far  the  greatest  portion  of  our  synthetic  efforts  go  into  this 


portion  of  the  work,  and  that  directed  toward  the  synthesis  of  the 
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cytidlne  diphosphate  choline  and  cytidine  diphosphate  ethanolamine  analogs 
discussed  below  (2. k) . Moreover,  these  synthesis  involve  a number  of 
relatively  unexplored  areas  of  organic  phosphorus  synthetic  chemistry, 
in  which  analogous  known  cases  are  non-existent.  Therefore,  a significant 
effort  must  be  expended  to  find  the  most  suitable  way  to  perform  a 
particular  synthetic  step.  Thus,  progress  in  this  area  is  always  somewhat 
slower  than  it  might  appear  a priori. 

Figure  3 shows  the  portion  of  the  synthetic  scheme  which  is  common  to 
both  types  of  1 iponucleot ide  analog.  Figure  3a  illustrates  the  remaining 
steps  in  the  synthesis  of  analog  V while  3b  shows  the  steps  leading  to 
analog  VI.  The  R groups  in  these  particular  homologs  are  octadecyl  ; 
the  fact  that  the  synthesis  begins  with  D-mannitol  assures  that  the  final  product 
will  be  in  the  same  optical  configuration  as  the  natural  1 iponucleotides. 

The  preparation  of  mannitol  1 ,2,5,6-tetraoctadecyl  ether  has  been 
discussed  in  the  first  quarterly  progress  report.  A new  technique,  phase- 
transfer  etherification,  was  used  in  place  of  the  more  common  heterogeneous 
Williamson  reaction  to  produce  both  D-mannitol  3,it-di-£-methylbenzyl  ether 
and  D-mannitol  1,2, 5, 6 tet raoctadecy 1 3 ,^-di -p-methy 1 benzy 1 hexaether. 

1,2, 5, 6 Di i sopropy 1 i dene-D-mann i tol  was  treated  with  an  excess  of 
p-methy 1 benzy 1 ch lor i de  in  di isopropyl  ether  solution.  Aqueous  potassium 
hydroxide  and  the  tet rabutyl ammonium  bisulfate  catalyst  were  added  and 
the  mixture  stirred  below  the  boiling  point  of  the  solvent.  Work-up 
afforded  the  diether  in  good  yield  after  hydrolysis  of  i sopropy 1 i dene  groups. 
Treatment  of  this  product  with  an  excess  of  octadecyl  bromide  in  a mixture 
of  isopropyl  ether  and  tet rahydropyran  afforded  the  hexaether,  which 
after  preliminary  purification  was  isolated  by  dry  column  chromatography 
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on  a hybrid  silica-alumina  column. 

Hydrogenation  of  the  hexaether  was  readily  accomplished,  using  a borohydride- 
reduced  paladium  catalyst.  Full  experimental  details  of  this  portion  of  the 
synthesis  are  given  in  the  first  quarterly  report.  Purified  samples  of 
the  tetraether  and  hexaether  intermediates  were  submitted  to  WRAIR  for  testing. 

To  date  no  reports  have  been  received  for  either  substance. 

Reaction  with  periodic  acid  in  tetrahydrofuran  gave  D-gl ycera 1 dehyde 
dioctadecyl  ether,  which  was  immediately  reacted  with  phenyl  chloromethy 1 - 
(triphenylphosphinemethylene)phosphinate  to  give  phenyl  R-3  ,^-dioctadecoxybut- 1 - 
enyl (chloromethy 1 )phosphinate.  Some  considerable  difficulty  was  found  in 
purifying  this  chloromethyl 1 ipid  by  silicic  acid  chromatography,  so  that 
ultimately  it  was  used  in  succeeding  steps  without  complete  purification. 

Experimental  details  are  given  in  the  second  quarterly  report,  along  with 
additional  discussion  of  the  problems  of  purification.  Further  reaction  necessitated 
the  preparation  of  additional  amounts  of  certain  intermediates.  In  fact, 
a large  portion  of  the  second  and  third  quarters  was  concerned  with  building 
up  stocks  of  particular  intermediates  which  were  required  for  further 
synthetic  steps. 

Tr is (tri methyl s i lyl ) phosph i te  ha d previously  been  prepared  from  trimethylsi lyl 
chloride,  triethy lamine,  and  phosphorous  acid;  however,  it  became  evident 
that  the  filtration  step  which  was  necessary  in  this  preparation  to  remove 
triethylamine  hydrochloride  would  make  the  procedure  very  cumbersome  for 
large  scale  preparations.  Thus,  it  was  found  that  warming  phosphorous  acid 
in  acetonitrile  solution  with  trimethylsi lyl diethy lamine  was  a superior 
means  of  preparing  the  s i I y 1 phosph i te , and  in  fact  produced  hi gher  yields. 

The  si  1 y lamine , 1 n turn,  had  to  be  prepared  on  a large  scale  in  order  to 

prepare  the  phosphite,  and  also  b i s ( t r i me  thy  1 s i 1 y 1 ) t ri methyl s i 1 yoxymethy 1 phosphon i te . 
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A large-scale  preparation  of  the  silylamine  was  therefore  undertaken;  the 


reactants  are  t r imethy 1 s i 1 y 1 ch 1 or i de  and  diethylamine.  The  large  amount 


of  diethylamine  hydrochloride  which  is  produced  must  also  be  filtered  off, 
which  Is  quite  tedious  on  a very  large  scale,  but  is  preferable  at  this  step 
since  the  product  is  not  readily  oxidizable  in  air  as  are  the  phosphite  or 
phosphon i te. 

From  the  silylamine  was  prepared  tr is  (trimethyl s i lyl ) phosphi te  and 
bis (trimethyl s i lyl ) trimethyl s i lyoxymethyl phosphon i te , and  both  were  used 
to  carry  out  further  steps.  An  additional  quantity  of  phosph i n i c-phosphon i c 
acid  phenylester  was  prepared  for  condensation  with  protected  cytidine  deri- 
vatives to  explore  the  synthesis  of  analog  V. 

This  analog  and  the  corresponding  analog  of  cytidine  diphosphatechol ine 
required  a suitable  quantity  of  a protected  cytidine  derivative.  For  this 
purpose  N-phenoxyacetyl  i sop  ropy  1 i dene  cytidine  was  prepared  from  2,14- 
dini trophenyl  phenoxyacetate  (in  turn  prepared  from  phenoxyacety 1 chloride 
and  2,14-dinitrophenol)  and  i sop  ropy  1 i dene  cytidine.  N-acetyl  isopropyl i- 
denecytidine  was  also  prepared  from  acetic  anhydride  and  isopropyl idenecy- 
tidine.  These  preparations  are  detailed  in  the  second  quarterly  report. 

In  order  to  work  out  conditions  for  the  condensation  of  the  phosphonic 
acid  with  the  cytidine  derivatives  to  produce  analog  V,  a thin-layer  chromatog- 
raphic study  was  first  undertaken.  Since  the  phosph i n i c-phosphon i c acid  was,  of 
course, difficult  to  prepare,  the  conditions  were  worked  out  using  a model  long- 
chain  phosphonic  acid,  2-hexadecoxy-3_octadecoxypropy 1 phosphonic  acid.  As  was 
evident  from  the  TLC  studies,  the  condensation  would  occur  under  relatively 
mild  conditions  in  the  presence  of  trichloroacetoni tri le.  Deprotection  of  the 
resulting  condensed  product  was  more  difficult,  but  ultimately  was  achieved. 


It  then  became  possible  to  prepare  a much  larger  quantity  of  the 
condensed  model  compound,  and  to  purify  it  and  send  it  to  WRAIR  for 
testing.  More  than  500  mg  of  cytldine  5' -2-hexadecoxy-3^octadecoxypropy lphosphonate 
was  sent;  antimalarial  testing  data  indicated  that  it  was  inactive. 

This  may  not  be  a surprising  finding  in  view  of  the  fact  that,  unlike  the 
natural  coenzyme,  it  contains  no  central  P-O-P  or  its  isostere. 

The  successful  preparation  of  the  model  1 i ponuc 1 eot i de  naturally  indicated 
that  the  actual  phosph in tc-phosphon ic  acid  compound  B (figure  3)  should  be 
employed.  Unfortunately,  only  a small  amount  of  this  substance  was  available 
and  a thin-layer  chromatographic  study  appeared  the  only  feasible  method  of 
investigating  this  condensation  reaction  for  the  present.  The  preparation  of 
much  larger  amounts  of  this  acid,  which  should  allow  isolation  and  direct 
characterization  of  intermediates,  must  await  the  preparation  of  more  tris- 
(trimethylsilyl )phosphi te,  which  in  turn  is  awaiting  the  large-scale  preparation 
of  trlmethy Isilyl  diethy lamine.  The  preparation  of  additional  N-phenoxyacety 1 
isopropyl i denecyt I di ne  is  also  being  awaited  for  preparation  of  the  final 
compound  on  sufficient  scale. 

In  any  event,  it  was  quickly  found  that  reaction  of  the  acid  B with 
the  protected  cytidlne  required  more  vigorous  conditions  than  was  the  case  of  the 
model  compound.  It  Is  possible  that  steric  or  other  factors  retard  the  condensation; 
when  it  was  carried  out  at  50°  overnight,  very  little  condensed  product  (presumably 
E,  figure  3a)  was  formed.  However,  raising  the  temperature  to  70°  while  maintaining 
the  reaction  period  and  other  conditions  (pyridine  solution,  trichloroacetoni trl le 
as  condensing  agent)  showed  that  a reasonable  yield  of  E was  formed.  A preliminary 
purification  by  precipitation  with  cold  acetonitrile  gave  a product  which  retained 
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but  was  otherwise  mainly  the  desired  product.  Identification,  as  in  the 
previous  TLC  studies  with  the  model  condensat ion  .were  made  according  to  the 
spots  which  were  UV  absorbing  (at  about  260nm)  and  contained  phosphorus 
(Di ttmer-Lester  reagent).  Only  the  condensation  product  should  fulfill 
both  criteria.  The  Rf  values  in  chloroform-methanol -water-acet i c acid 
(80:13:8:0.3)  and  in  chloroform-methanol -formi c acid  (kk . 5 : 5 :0. 5)  approximated 
those  which  would  be  expected  from  a protected  1 i ponucleot i de  of  the  expected 
degree  of  polari ty . 

Hydrolysis  of  the  acid-labile  protecting  group  was  carried  out  in 
tr i f 1 uoroacet i c acid  containing  a small  amount  of  water  for  2k  hours  at  A5°. 
Evaporation  of  volatile  material,  followed  by  solution  of  the  residue  in 
chloroform,  filtration,  re-evaporation,  and  finally  precipitation  by  cold 
ether  from  a concentrated  chloroform  sol ut Ion, y ie 1 ded  a product  which  appeared 
to  be  almost  homogeneous  by  TLC.  Since  its  Rf  in  the  former  solvent  (above) 
was  0.6  compared  to  0.58  for  the  following  1 iponucleotide  analog: 


it  is  at  present  uncertain  whether  the  tr i fl uoroacet ic  acid  treatment  removed 
the  protective  phosphinlc  phenyl  ester  group.  It  was  anticipated  that  a 
fluoride  treatment  would  be  necessary  to  remove  this  moiety,  and  it  seems  doubtful 


that  the  acid  treatment  would  hydrolyze  the  phenyl  ester  without  removing  the 
cytidine  ester  group  as  well.  Definitive  characterization  has  not  as  yet  been 
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possible.  Infrared  indicates  no  clear  pheny 1 -type  absorpt ion , but  these  would 
occur  in  regions  where  other  expected  absorptions  are  found.  The  milligram 
quantities  of  materials  so  far  available  have  not  allowed  nmr,  which  would 
have  been  def in  1 1 i ve , to  be  performed.  The  large  molecular  weight  also  has 
militated  against  the  possibility  of  obtained  useful  mass  spectra, 

even  if  the  compounds  were  derivatized.  Therefore,  a final  answer  must 
await  the  preparation  of  larger  samples,  for  which  we  have  some  of  the 
intermediates,  but  not  others, on  a sufficient  scale  as  yet. 

The  synthesis  and  characterization  of  the  b i s-phosph i n i c acid  derivative 
C and  its  dihydro  derivative  D were  also  the  subjects  of  considerable  effort 
during  the  fourth  quarterly  period.  Reaction  of  crude  phenyl  3.^-dioctadecoxybut-3_ 
enyl (chloromethy 1 )phosphinate  with  b i s ( t r i me  thy  1 s i ly ) t r i methy 1 s i 1 yoxymethy 1 phosphonite 
on  a small  scale  gave,  after  removal  of  excess  phosphonite  and  other  volatile 
material,  followed  by  hydrolysis,  a compound  in  reasonably  homogeneous  form 
which  showed  chromatographic,  spectral, and  solubility  properties  expected  of 
the  bis-phosphinic  acid  monophenyl  ester.  Definitive  characterization  of  this 
substance  was  underway  as  the  first  quarter  ended. 

Hydrogenation  of  this  product  was  also  carried  out,  using  10  percent 
paladium  on  charcoal  in  a hydrogen  atmosphere  of  60  lb/in2.  Characterization 
of  this  product  (D,  figure  3)  was  also  in  progress  as  well. 

2.A.  Analogs  of  Cytidine  Diphosphate  Choline  and  Cytidine  Diphosphate 
Ethanolamine. 

The  non- 1 iponucleot i de  coenzymes  cytidine  diphosphate  choline  and  -ethanolamine 
utilized  1 ,2-di glyceri de  rather  than  phosphatldic  acid  as  the  co-reactant, 
to  produce  lecithin  and  phosphatidyl  ethanolamine  directly.  The  coenzyme  thus 
acts  as  a phosphory lated  base  donor  rather  than  as  a phosphatidyl  donor, 


as  in  the  case  of  CDP-diglyceride.  This  route  is  probably  the  major  one  for  the 
formation  of  lecithin  at  least,  and  interference  with  the  reaction  should 
exert  a significant  effect  on  membrane  phospholipid  formation. 

The  target  analogs  of  the  base-dinucleot ides  have  the  same  relationship 
to  their  natural  coenzymes  as  do  the  1 1 ponucleot i de  analogs  discussed  above, 
and  have  the  following  structure: 


( R - H Me. ) 


VI  I 
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VIII 


The  synthetic  route  to  these  compounds,  however,  is  rather  different 
from  that  discussed  in  2.3  above.  This  is  occasioned  by  the  obvious  difference 
between  the  base  moiety  and  the  diglyceride  analog  moiety.  However,  it  should 
be  carefully  noted  that  certain  features  of  the  synthesis  of  compounds  VII  and  VIII 
will  serve  as  model  reactions  for  analogous  synthetic  steps  in  the  1 i ponucleot i de 
analog  syntheses.  The  reverse,  of  course,  is  also  the  case.  The  synthetic 
schemes  are  shown  in  figures^  and  4b.  The  preparation  of  the  initial  intermediate 
F of  figure  4 has  been  the  object  of  a great  deal  of  investigation  during  the 
latter  phases  of  this  first  annual  project.  Three  separate  and  distinct 
synthetic  routes  were  considered;  these  are  shown  in  figure  5.  Figure  5a 
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illustrates  the  route  which  a priori  appeared  to  be  capable  of  giving  the 
desired  product  with  the  least  effort.  Chloromethy 1 phosphonous  dichloride  was 
easily  prepared  by  published  procedure,  which  involved  thiation  of  chloromethy 1 - 
phosphonic  dichloride  with  phosphorus  pentasul f i de,  followed  by  desulfurization 
with  triphenyl  phosphite.  (Chloromethylphosphonic  dichloride,  however,  is  no 
longer  a commercial  product,  since  its  manufacture  involves  the  probable  byproduct 
formation  of  bis (chloromethy 1 )ether,  a potent  carcinogen;  this  problem  is  detailed 
in  the  third  progress  report). 

Chloromethylphosphonous  dichloride  was  readily  converted  to  monoethyl 
hydrogen  chloromethylphosphoni te  by  treatment  with  ethanol  in  the  absence  of 
base.  This  compound,  which  has  not  previously  been  reported,  had  a bp 
at  l*8-50°  C at  .05  torr.  IR  and  nmr  agreed  with  the  structure;  the  methyl 
ester  is  a known  compound.  Attempts  to  produce  addition  of  this  monoester 
to  acrylonitrile  (itself,  incidental ly, a suspect  substance  of  late)  by 
a variety  of  base-catalytic  conditions  failed  to  yield  any  detectable 
expected  addition  product.  Conditions  employed  included  catalytic  amounts 
of  aqueous  sodium  hydroxide;  sodium  hydroxi de-tet rabuty 1 ammon i urn  bisulfate; 
and  the  non-nucleophi 1 ic  d i i sopropy lethy 1 amine , among  others.  In  some  cases 
considerable  heat  was  evolved  on  addition  of  the  catalyst,  and  some  new 
reaction  products  appeared;  however,  on  gas  chromatographic  analysis,  none  of 
these  could  reasonably  be  ascribed  to  the  desired  addition  product,  and  it  was 
concluded  that  polymerization  of  acrylonitrile  was  the  predominant  reaction 
observed. 

The  reported  reaction  of  chloromethylphosphonous  dichloride  (5)  with 
acrylamide  to  give  the  dichloride  G was  next  tried.  The  reaction  mixture  became 
very  viscous,  black,  and  completely  failed  to  yield  any  significant  amount  of 
the  desired  product  on  attempted  high  vacuum  distillation.  It  was  thereby 
concluded,  by  a process  of  elimination,  that  route  5c  would  have  to  serve 
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to  produce  the  important  intermediate.  A satisfactory  reaction  of 
3-chloropropioni t r i le  with  bi s (tri methyl  si ly) trimethyl s i lyoxymethy lphosphon i te 
had,  of  course,  previously  been  observed,  yielding  on  aqueous  hydrolysis 
cyanoethyl  (hydroxymethyl  )phosphlnic  acid  (9).  Careful  subsequent  investigation 
showed  that  the  acid  is  usually  contaminated  with  byproducts  which  may  be 
difficult  to  remove  at  a later  stage  and  which  may  even  interfere  with 
subsequent  reactions,  however.  Thus,  it  became  important  to  purify  the  acid 
as  much  as  possible  before  further  synthetic  steps  were  undertaken. 

Purification  was  accomplished  by  recrystallization  several  times 
from  acetone-hexane  mixtures  from  room  temperature  to  5°.  The  procedure  was 
accompanied  by  appreciable  losses  of  material,  so  that  it  was  not  entirely 
optimal, but  was  the  most  satisfactory  found.  Fortunately,  purity  of  the 
acid  could  be  checked  quite  easily  by  gas  chromatography  after  silylation  with 
bis(trimethylsi ly) tri f 1 uoroacetamide.  None  of  the  samples  of  the  acid  were 
grossly  contaminated,  and  all  could  be  purified  to  a satisfactory  state  of  homogeneity 
by  recrystallization.  The  product  appeared  at  a retention  time  of  A. 9 minutes 
(3%  0V- 17,  170°)  while  all  the  impurities  appeared  at  shorter  retention  times. 

Evidence  cited  below  indicates  strongly  that  the  two  major  and  most  pertinent 
impurities  were  2-cyanoethy 1 phosphon i c acid  and  hydroxyme thy  1 phosphon i c acid; 
the  latter  almost  certainly  arises  from  oxidation  and  hydrolysis  of  the 
starting  si lyl reagent. 

Conditions  under  which  cyanoethyl (hydroxymethyl ) phosphin ic  acid  could  be 
chlorinated  and  converted  to  its  pheny tester  to  produce  the  intermediate 
F were  the  subject  of  a great  deal  of  investigation  as  well.  Treatment  with 
thionyl  chloride  followed  by  phenol  In  pyridine  completely  failed  to  give  the 
desired  material  in  any  appreciable  yield.  Milder  conditions  using  triphenyl- 
phosphine  and  carbon  tetrachlori de, fol lowed  by  phenol,  gave  a complex  mixture 
which  also  concluded  not  to  be  preparati vely  useful.  It  seems  to  be  clear 
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after  considerable  study  that  the  presence  of  a base,  at  least 
for  the  pheny l at  ion ,was  undesirable.  Besides  pyridine  and  triethylamine , 
the  non-nucleophi 1 ic  bases  di isopropy lethylamine  and  2,6  d i -tert-buty 1 py r i d i ne 
were  tried,  all  without  success. 

Finally,  a very  simple  procedure  was  found  to  give  the  product  quite 
satisfactorily,  by  the  use  of  oxalyl  chloride  for  chlorination;  and  following 
removal  of  excess  reagents  in  vacuo,  phenol  was  added  and  the  mixture  warmed 
for  some  hours  under  reduced  pressure  to  remove  the  liberated  hydrogen  chloride. 
Excess  phenol  was  removed  from  the  reaction  product  after  cooling  by  repeated 
extraction  with  sodium  bicarbonate  solution,  followed  by  high  vacuum  sublimation 
of  any  residual  phenol. 

The  composition  of  the  crude  reaction  product  could  be  followed  readily  by 
gas  chromatography,  using  both  a flame  ionization  detector  and  a phosphorus- 
sensitive  detector.  On  3%  OV— 1 7 at  200°,  the  product  eluted  at  12.0  min. 

In  some  samples,  one  or  two  contaminants  were  also  noted;  the  earlier  one 
eluting  at  13-5  min.  and  the  later  one  eluting  at  this  temperature  at  33.1  min. 
Combined  gas  chromatography-mass  spectroscopy  confirmed  the  main  peak  as 
the  desired  product  and  showed  that  the  13-5  min.  peak  was  diphenyl  chloromethy 1 - 
phosphonate. which  apparently  arises  from  an  excess  of  the  original  silyl  reagent 
remaining  in  the  reaction  mixture  prior  to  hydrolysis. 

The  33.1  min.  impurity  was  more  interesting  and  was  found  to  be  diphenyl 
cyanoethylphosphonate.  This  substance  almost  certainly  arose  at  the  stage 
of  Arbuzov  reaction;  it  must  have  arisen  by  contamination  of  the  silyl  reagent 
with  tris (trlmethyl s i lyl )phosphi te . Except  for  the  fact  that  the  silyl  reagent 
was  twice  distilled  before  use,  and  t r i s ( t r i methy 1 s i ly 1 ) phosph i te  has  a 
distinctly  lower  boiling  point,  the  presence  of  the  latter  is  most  logically 
explained  by  contamination  of  the  hypophosphorous  acid  at  the  first  step 
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with  phosphorous  acid.  Possibly  on  storage,  some  sort  of  disproportionation 
leading  to  t r i s ( t r I methy 1 si  ly 1 ) phosph i te  formation  may  have  occurred  as  well. 

Methods  to  completely  purify  the  main  product  fraction  had  just  begun 
to  be  studied  at  the  conclusion  of  the  first  year's  work.  In  any  event, 
the  impurities  were  largely  minimized  by  the  recrystallization  procedure 
described  above  for  the  phosphinic  acid. 

A secondary  access  route  into  the  cytidine  diphosphate  choline  analog 

was  investigated  for  a time  during  the  fourth  quarter.  This  begins  with  the 

commercially  available  phthal imidoacetal dehyde  dimethylacetal : 
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The  acetal  was  satisfactorily  hydrolyzed  to  the  corresponding  aldehyde, 


but  reaction  with  the  ylid  H gave  a number  of  products  in  addition  to  what  was 
apparently  the  desired  compound.  Tri phenyl  phosphine  oxide  (revealed  by  gas 
chromatography)  contaminated  the  reaction  mixture  and, like  the  other  contaminants. 


- 19  - 


was  very  difficult  to  remove.  No  satisfactory  purification  procedure  could 
be  found;  and  since  in  addition  the  reaction  did  not  seem  to  go  in  satisfactory 
yield,  this  route  was  at  least  temporarily  set  aside. 


EXPERIMENTAL 

Only  the  portion  of  the  annual  report  which  deals  with  the  fourth  quarter's 
work  is  discussed  in  this  section.  The  preceding  three  quarterly  reports 
give  full  experimental  details  for  the  work  done  during  those  respective 
periods . 

1 . 2- Dihexadecyl-sn- glycerol ~3~phosphory 1-1 1 -me thy lchol ine , IV. 

1 .2- Dihexadecyl-sn-glycerol . 1 ,2-Di hexadecy 1 -sn-g 1 ycerol  was  prepared  from 
£-mannitol  by  the  method  of  Chen  and  Bartcn(  6). 

Oiphenyl  1 ,2-Dihexadecyl-sn-glycerol -3-phosphate.  To  a solution  of  1,2- 
di hexadecy 1 -sn-gyl ce rol  (1080  mg;  2. mmols)  in  25  ml  pyridine-chloroform  (4:1; 
v/v)  was  added  diphenylchlorophosphate  (540  mg;  2.  mmols).  The  solution  was 
stirred  at  room  temperature  for  24  hr.  The  solvents  were  removed  at  reduced 


pressure. 

1 ,2- Pi hexadecy 1 -sn-glyce rol ~3~ phosphate.  Diphenyl  1 , 2-di hexadecy I- sn- 
glycerol -3-phosphate  (1540  mg;  2.  mmols)  was  dissolved  in  100  ml  warm  glacial 
acetic  acid.  This  solution  was  slowly  added  to  a vigorously  stirred  suspension 
of  reduced  platinum  in  glacial  acetic  acid  (100  ml)  and  reduced  with  hydrogen 
at  room  temperature  and  atmospheric  pressure.  When  hydrogen  was  no  loger  taken 
up,  chloroform  (200  ml)  was  added  and  the  mixture  filtered  through  a sintered 
glass  filter.  The  platinum  was  washed  with  another  25  ml  of  chloroform. 

The  filtrate  and  washings  were  combined  and  the  solvents  removed  at  reduced 
pressure.  The  remaining  white  solid  was  dissolved  in  2-propanol  and  again 
taken  to  dryness  at  reduced  pressure. 
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1 ,2-Dihexadecyl-sn-glycerol-3'Phosphoryl-l '-methylchol ine.  To  a solution 
— 

of  1 ,2-di hexadecy 1 -sn-glycerol - 3~ phosphate  (1240  mg;  2 mmols)  in  pyridine  (50  ml) 

was  added  a 10-fold  excess  (5.8  g)  of  2-hydroxy-l-(trimethyl  amino)  propane  tosylate 

salt  {~f).  Tr  ichloroaceton  i tri  le  (20  ml)  was  added  and  the  suspension  was  stirred  at 

50°  C for  48  hr,  during  which  time  the  mixture  turned  dark  brown.  Removal  of 

the  solvents  at  reduced  pressure  yielded  a dark  brown  viscous  oil.  Acetonitrile 

(100  ml)  was  added  and  the  mixture  allowed  to  stand  at  4°  overnight.  The  tan 

colored  precipitate  was  removed  by  filtration  on  a sintered  glass  filter  and 

dried  in  vacuo  overnight.  The  waxy  solid  was  dissolved  in  tetrahydrofuran- 

water  (9:1,  v/v)  and  applied  to  a column  (1.5  cm  x 40  cm)  of  Amberlite  MB-3 

resin  previously  washed  with  the  same  solvent.  The  column  was  eluted  with 

500  ml  THF-water  (9:1,  v/v)  at  a flow  rate  of  2 ml/min.  The  colorless  eluate 

was  concentrated  under  reduced  pressure  and  dried  by  repeated  azeotrophic 

distillation  with  2-propanol  at  reduced  pressure.  The  waxy  white  solid  was 

dissolved  in  chloroform  and  applied  to  a column  of  si  lie  AR  CC-7-  The  column 

was  first  eluted  with  500  ml  chloroform-methanol  (4:1,  v/v)  to  remove  unreacted 

1 , 2-d i hexadecy 1- sn-glycerol ~3~ phosphate.  Elution  of  the  column  with  chloroform- 

methanol  (2:3,  v/v)  removed  the  desired  product.  After  removal  of  the  solvent, 

TM 

the  residue  was  redissolved  in  chloroform  and  passed  through  a Metricel  Alpha-6 
( . 45Am)  filter  to  remove  suspended  silicic  acid.  The  solvent  was  removed,  leaving 
a chromatograph! cal ly  pure  (TLC  on  silica  gel  G,  chloroform-methanol -water, 

65:25:4,  v/v/v)  white  solid.  Yield  1123  mg  (78%  from  1 , 2- d?  hexadecy  1 -sn-glycerol ) . 
M.p.  206-208°  C (dec.). 

Anal.  Calcd.  for  C/, , Hg^NP • H20  (738.129): 

C,  66.72;  H,  12.15;  N,  1.90;,  P,  4.20 
Found: 


C,  66,35;  H,  11.95;  M,  1.98;  P,  4.20. 


2) 


Condensation  of  L-3,4-dioctadecoxybuty1 (phenoxyphosphlno)methylphosphonic  acid 
wi th  N-phenoxyacety I -2 1 , 3 1 ~ I sop  ropy  1 i denecyt i di ne . The  purified  phosphonic  acid 
B (35  mg,  0.042  mmol)  and  4 N-phenoxyacety 1 -2' ,3' -isopropyl idenecytidine  (51  mg, 

0.122  mmol;  3 X excess)  were  dissolved  in  40  ml  of  anhydrous  pyridine  and 
to  this  solution  wes  added  tri chloroaceton i tri le  (1.5  ml).  The  solution  was 
stirred  at  53°  overnight. 

The  solvent  was  removed  in  vacuo  and  the  residue  precipitated  with  acetonitrile. 
Little  or  no  condensation  product  was  evident  on  TLC  in  chloroform-methanol- 
water-acetic  acid,  80:13:8:0.3.  The  precipitate  (28  mg)  consisted  of  the 
starting  phosphonic  acid  as  a salt.  The  acetonitrile  solution  contained 
the  cytidine  de r i vat i ve ,wh i ch  was  recovered  as  well. 

The  acid  salt  (28  mg,  3-4  X 10  ^ mol)  was  dissolved  with  a fresh  portion  of 
the  cytidine  derivative  (52  mg,  12.6  X 1 0“ 5 mol)  and  to  the  mixture  was  added 
2 ml  of  trichloroacetoni tri le.  This  time  the  reaction  was  carried  out  overnight 
at  70°.  TLC  of  the  residue  remaining  after  removal  of  volatile  materials  showed 
the  condensed  product  with  an  Rf  similar  to  that  of  the  model  compound  (see 
text  above).  The  product  was  precipitated  again  by  addition  of  acetonitrile; 
the  cytidine  derivative  was  again  recovered  from  the  solution.  The  precipitated 
product  (11  mg)  gave  essentially  one  spot  which  was  phosphorus-positive  and 
UV-absorbing  at  Rf  0.75  in  the  solvent  mixture  employed  above. 

Hydrolysis  of  the  Condensation  Product  E.  The  crude  condensation  product 
obtained  by  acetonitrile  precipitation  (10  mg)  was  dissolved  in  1 ml  of  trifluoro- 
acetic  acid  containing  2 drops  of  water  and  the  mixture  heated  at  45°  for 
24  hrs.  Evaportlon  of  the  acid,  followed  by  dehydration  twice  with  isopropyl 
alcohol  gave  a residue  which  was  dissolved  In  a minimum  amount  of  chloroform. 

Addition  of  ether  gave  a solid  which  was  filtered  off  and  dried  in  vacuo  after 
thorough  washing  with  cold  ether.  This  material  gave  a single  spot  which  was 
UV-  and  phosphorus-positive  by  TLC  in  the  above  solvent  mixture;  Rf  0.6. 
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This  value  Is  slmtlar  to  that  of  authentic  phosphonic  acid  analogs  of 
CPD-dlglyceride  (8)  and  chraacter I zat I on  of  the  product  was  underway  as  the 
quarter  ended. 

Reaction  between  L-3,^~dloctadecoxybut~3~enyl (ch lorome thy  1 ) phosph I n i c acid 


phenyl  ester  and  bl s (trimethylsi ly) trimethyl s i lyoxymethy lphosphon i te. 

The  crude  chloromethyl  compound  (2.3  g,  2.9  mmol)  was  reacted  with  10  ml 
(10X  excess)  of  the  freshly  distilled  silyl  reagent  under  a nitrogen  atmosphere 
at  130°.  After  1 hr,  a few  drops  of  t ri  me  thy  1 s i lyl  chlor  i de  had  distilled. 

The  temperature  of  the  bath  was  increased  to  135°  and  the  reaction  mixture 
left  overnight.  After  cooling,  the  excess  reagent  was  removed  by  distillation 
in  high  vacuum,  and  the  insoluble  residue  dissolved  in  tet rahydrof uran  (9  ml). 

To  the  solution  was  added  water  (5  ml)  and  the  clear  solution  left  overnight. 

The  solvent  was  evaporated  and  water  was  removed  by  repeated  re-evaport ion  with 
isopropyl  alcohol.  The  residual  white  solid  was  dissolved  in  a minimum  quantity 
of  chloroform  and  the  product  precipitated  with  acetonitrile.  Approximately  1.7  g 
of  material  was  obtained  in  this  way;  its  thin-layer  chromatographic  behavior 
was  similar  to  that  of  l-octadecoxy-2-hexadecoxypropy 1 phosphonic  acid.  Final 
characterization  of  this  important  Intermediate  had  not  yet  been  completed  at 
the  end  of  the  fourth  quarter. 

The  crude  product  was  hydrogenated  in  a warm  (50°)  mixture  of  tet rahydrof uran- 
acetic  acid  (1:1)  with  0.5  g of  10%  paladium  on  charcoal  at  50  lb  hydrogen  pressure 
overnight. 

After  filtration  and  washing  of  the  catalyst,  the  solvents  were  thoroughly 
evaporated  and  the  residue  reprecipitated  with  acetonitrile.  This  experiment 
was  carried  out  just  at  the  very  end  of  the  fourth  quarter,  and  therefore  further 
steps  in  the  characterization  of  the  hydrogenated  product  extended  beyond  the 
period  covered  by  this  report. 


i 
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Chloromethyl  ethyl  hydrogen  chloromethyiphosphonite. 

Chloromethyl  phosphonous  dichloride  was  obtained  in  about  60%  yield  starting 
with  the  procedure  published  in  Organic  Syntheses  (10).  To  8 ml  of  the  dichloride 
cooled  in  an  ice  bath  was  added, drop  wise  under  a nitrogen  atmosphere,  50  ml  of 
absolute  ethanol  freshly  distilled  from  calcium  hydride.  After 
stirring  for  a few  minutes  further,  excess  ethanol  was  distilled  off  in  vacuo 
at  water  pump  pressure  and  the  product  distilled  in  high  vacuum;  bg  gj  48-50°. 
Infrared  and  nmr  data  were  consistent  with  the  supposed  structure,  although 
gas  chromatography  indicated  that  the  product  was  impure. 

This  crude  material,  on  attempted  reaction  with  acrylonitrile  in  the  presence 
of  di isopropylethylamine,  or  of  sodium  hydroxide  in  catalytic  amount  with  or  without 
tet rabutyl amnion i urn  bisul fate, fai led  to  give  any  product  with  the  expected  properties 
although  some  type  of  reaction  had  obviously  occurred  in  the  latter  cases. 

An  attempt  to  prepare  chloromethyl  cyanoethyl  phosphinic  chloride  by 
heating  chloromethyl phosphonous  dichloride  with  acrylamide  according  to  the  procedure 
of  Pudovik  et  al  ( 5)  failed  to  give  the  desired  product  from  the  black  tarry 
reaction  mixture. 

Thus,  the  desired  phenyl  cyanoethy 1 (ch loromethy 1 ) phosphonate  was  prepared 
according  to  the  procedure  given  in  the  third  quarterly  report,  starting  from 
cyanoethyl (hydroxymethyl )phosphinic  acid  synthesized  as  reported  in  the  same  place. 
The  acid  failed  to  form  a crystalline  cyclohexylamine  salt,  so  that  purification 
of  the  free  acid  had  to  be  accomplished  by  repeated  crystallization  from  acetone- 
hexane. 


Attempted  reaction  between  phtha 1 1ml doace ta I dehyde  and  phenyl  chloromethyl- 
(trlphenylphosphinemethyl 1 de) phosph I na te . 

The  aldehyde  was  prepared  from  its  d i methy 1 aceta 1 by  hydrolysis  with  hydrochloric 
acid  in  dloxane  solution.  The  ylld  was  prepared  correspondingly  from  its  phosphonium 
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chloride.  Reaction  between  the  aldehyde  and  ylid  at  110°  for  24  hrs  gave  a 
mixture  of  products,  of  which  none  was  predominent.  Triphenylphosphine  oxide 
was  clearly  visible  by  TLC  and  gas  chromatography.  Various  chromatographic 
separation  procedures  were  tried  without  any  clear  success  in  isolating  the 
desired  product. 


COM  POUNDS  SUBMITTED  FOR  ANT IMALAR IAL  TESTING 


COMPOUND 

BOTTLE  NO. 

DATE  TESTED 

TEST  RESULTS 

1. 

C“iOC,t,H33 

CH*  Pi^OH 

OH 

BG  37644 

6-4-76 

Inactive. 

Non-toxic. 

2. 

CW2OC/£,  Hs3 

CHOC, ^33 
ch2i 

BG  79188 

12-16-76 

Inacti ve. 

Non-toxic. 

3. 

CH2OC/gHjp 

CHOClt>H33 

1 0 
CH2P~ch2CHzQ i2 

OCHMez 

BG  84317 

2-23-77 

Inactive. 

Non-toxi c. 

4. 

cH2°CigH3? 

CH0C,tH33 

1 *0  + 
CH2PCH1CH2hJMe, 
0-  .hl^o 

BG  82182 

2-10-77 

Inact i ve. 

Non-toxic. 

5. 

CH20CjgHsy 

CHOC/^Hi  3 

1 + 

CH2  P CH2CH2hJMe3 

BG  81777 

2-17-77 

Inactive. 

Non-toxic. 

OCH Me* 


I 


mmrnm 


. 

- V-.. 


COMPOUND 

BOTTLE  NO. 

DATE  TESTED 

TEST  RESULTS 

CUzWjgHs  7 

CHOCKS 

1 JP  .fjl 

OhPOCtl  a V 

BH  08611 

6-7-77 

Inactive. 

Non-Toxic. 

HO  HD 

QrH  37  OCH^ 
CifHy?OCH 

7.  HOCU 

HCOH 

HCOQrH?, 

CHzOCjgH yrj 


Qg  HtfOCH 

8.%^^>Ch2OCH 

"t0CH2<Q>CH3 

VCOQgfigp 

CWzOCjjHsp 


Submi tted 
1-77. 

Not  tested 
yet. 


Submi tted 
5-77. 

Not  tested 
yet. 


CH2OC/6h33 


Submitted 

6-1-77 


Not  tested 
yet. 


J 


BH  16597 


COMPOUND  SUBMITTED  For  LEISHMANIASIS  TESTING 


COMPOUND 


BOTTLE  NO. 


DATE  TESTED 


TEST  RESULTS 


Z^0CfbU33 

<zu*p£0  * 

~o 


BG  83182 


3-11-77 


48.8%  suppression 
at  52  mg/kg; 

93%  suppression  at 
208  mg/kg 
Not  considered 
sufficiently  active. 
No  toxicity. 
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